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ABSTRACT 
The fact that there are not any explicitly defined relationships describing the influence of physical and mechanical properties 
of coal and of energy consumption factor on dust level prompted Polish and American investigators to carry out a joint re-
search project within the framework of the U.S.- Poland Maria Sklodowska-Curie Joint Fund II. The paper presents methods 
used to perform tests under laboratory conditions at the Pittsburgh Research Laboratory as well as under real conditions in the 
course of coal cutting in polish coal mines. Measuring systems and results of the tests are described. The analysis carried out 
has provided a basis for determining the influence of specified operational parameters i.e. Coal compression strength R:, coal 
cuttability factor A, energy consumption factor of mining Euc, load of cutting drums as well as of laboratory parameters i.e. 
Grindability, coal breakage characteristics (product size distribution), moisture content, volatile and fixed carbon content, 
specific energy of crushing on a level of generated dust (total dust, specific dust and airborne respirable dust). The effect of 
technical parameters i.e. Face height, airflow velocity in a face, amount and pressure of water in spraying systems of longwall 
shearers, depth of cut taken by a cutting drum and application of powered cowls on dust level under operating conditions are 
also presented. Results of the tests made it possible to work out guidelines relating to methods and technology for effective 
reduction of dust emission on longwall faces. 
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INTRODUCTION 
Increased coal extraction on longwall faces is being intro-
duced to greater and greater extent in hard coal mines. This 
increase in mining results in a greater generation of dust 
including airborne respirable dust. Exposure to rock and 
coal dusts is one of the most severe health hazard facing 
workers employed in coal mines. From statistical data it 
appears that miners employed in underground workings of 
hard coal mines suffer to the highest degree from chronic 
lung diseases when compared with other branches of indus-
try. The morbidity rate of miners is more than 15 times 
higher. For instance, in the U.S.A. federal government com-
pensation payments effected to miners and families amount 
nearly to 1.5 billion USD per year (Muszer, 1988). 
Considering the lower state of technology in the field of 
dust control as applied in Polish coal mines, health hazards 
caused by coal dust make are even more severe than U.S. 
mines. 
Reducing and maintaining of dust levels in compliance 
with obligatory regulations becomes of vital importance 
between 1995 and 1996 the number of miners suffering 
from pneumoconiosis increased by 28o/o. This corresponds 
to an increase of 18% of total occupational diseases. Among 
retired underground miners compared to pneumoconiosis 
results in 77% of all cases of morbidity. In 1996 an average 
compensation payment effected on the ground of pneumo-
coniosis was of about 2,500 USD (Niewiadowski, 1993). 
In view of the progress of democratization of life in Po-
land and because of the changes in legal regulations relating 
to workers' health protection, it may soon tum out that costs 
of medical treatment and compensation payments for Polish 
miners will increase rapidly. The activities of trade unions 
and growing consciousness of the society may intensify this 
trend. 
Reducing dust level is the only realistic means to lower 
these costs and the related human suffering. The research 
work performed by the Polish and American counterparts 
within the framework of the U.S.-Poland Maria Sklodow-
ska-Curie Joint Fund II was aimed at stating the characteris-
tics of the process of dust emission and at introducing more 
effective methods for dust control. The paper presents re-
sults of the research determining the influence of physical 
and mechanical properties of coal and of selected indices 
characterizing the process of mining such as energy con-
sumption factor of mining on dust generated (airborne respi-
rable dust) . Results of the analyses carried out by the both 
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counterparts have been correlated to provide a more detailed 
description of dust emission. 
REALIZATION OF THE RESEARCH PROJECT 
The research work covering the influence of physical and 
mechanical variables and operational parameters on the 
level of dust (airborne respirable dust) generated has been 
carried out in two stages. 
The first stage of the research measurements were taken 
under real conditions in Polish hard coal mines. Energy con-
sumption factor of mining and respirable dust levels were 
measured for three categories of coal: soft, medium and 
hard coal as a function of variables of longwall shearer's 
operation (such as shearer's travel speed, depth of cut taken 
by a cutting drum and a face height). The measurements 
covered also parameters characterizing the conditions of 
airflow velocity on a face (air consumption) as well as the 
system of dust suppression - quantity and pressure of water 
supplied to spraying systems. The effect of powered cowls 
installed on cutting drums was also taken into account. 
Figure 1 shows a layout of the testing stand. In measur-
ing positions I, II, and III, the dust levels were measured 
respectively at a face intake - I, on a shearer - II, and at a 
face outlet - III. Dust levels were also measured at work-
places of operators employed to advance powered roof sup-
port units. At measuring position II additional measure-
ments relating to energy_ consumption factor of mining (ac-
tive power consumption of particular drives of a shearer, a 
depth of cut, a face height, a shearer's haulage speed) were 
carried out. 
Additional information indicated the actual mode of the 
shearer's operation (direction of travel, standstill, operation) 
and contained the description of mining and geological con-
ditions (Koziel, 1997). 
The face parameters, including the basic technical char-
acteristic of a shearer and of mining technology is presented 
in Table 1. Table 2 contains the average values of respirable 
dust level at workplaces as well as total energy consumption 
factor of mining. 
The second stage testing consisted of measuring the 
physical properties of coal samples collected from Polish 
coal mines A, B and C, this was performed under laboratory 
conditions of the Pittsburgh Research Laboratory. The tests 
covered coal grindability and specific energy of crushing, 
coal breakage characteristics, airborne dust properties, and 
amounts of airborne dust generation. Moisture content, ash 
content, volatile and fixed carbon content were also deter-
mined. 
Laboratory crushing tests were conducted on the testing 
stand the layout of which is shown in Figure 2. The labora-
tory crushing test facility was comprised of a roll crusher 
located in the intake end of a wind tunnel. In order to deter-
mine crushing energy current usage of electric motors was 
measured. Dust samples were collected downstream of the 
crusher. Measurements of electrostatic field and of airflow 
velocities were also taken and results were stored on an 
analog data logger. After completion of the above named 
tests the technical analysis of coal (ASTHD 3172 standard) 
was carried out and grindability (ASTMD 409 standard) 
was determined. A summary statement of the results of 
testing the Polish coal samples conducted at the Pittsburgh 
Research Centre is presented in Table 3. 
RESULTS OF TESTS 
Samples coming from the coal mines A, B, and C were high 
volatile bituminous coals with nearly equal fuel ratios. 
The only noticeable differences between coal samples 
from coal mines A, B, and C were the moisture and ash 
contents. The Hardgrove Grindability Index was inversely 
proportional to the coal's ability to be ground. The hardest 
coal to grind being from mine A (HGI = 38), while the easi-
est coal to grind being from mine C (HGI = 49). 
The crushing specific energy was the highest one for the 
coal samples from mine A (0.13 kWh/t). The coals from 
mines B and Chad similar specific energy levels (0.06 and 
0.07 kWh/t, respectively). The above relationships are con-
firmed by the results of testing the compression strength: 
• coal from mine A - R: = 2 7 MPa, 
• coal from mine B- R: = 15.5 MPa 
A discrepancy is visible in case of coal from mine B 
(HGI = 46, R: = 30.6 MPa). 
A comparison of the above data with results of testing the 
energy consumption factor of mining under real conditions 
is presented in Figures 3 and 4. Coals from A and B had 
higher values of energy consumption factors (0.52 and 0.56 
kWh/t, respectively) while coal from mine C had a lower 
energy consumption factor (0.43 kWh/t). 
Examination of the crusher product size data showed 
that coal from mine C produced the smallest product size 
distribution as compared to coals from mines A and B. The 
specific amount of coal product fines (<10 ~J.m) was also 
noticeably higher for mine C as compared to mines A and 
B. Coal from mine A made the least amount of coal product 
fmes. Therefore, the coal from mine C broke the easiest. 
The above observations are confirmed by the previously 
obtained relationships [compression strength and energy 
consumption factor of mining (the lowest values)]. The 
electric fields measurements of the airborne coal dust clouds 
generated showed no significant charge levels for the tested 
coal samples from mines A, Band C (slightly negative). 
The measured airborne dust levels (total and respirable 
dust) indicated that the highest dust concentrations were 
observed for crushing the coal from mine A. The coal from 
mine B generated the lowest dust concentrations. A similar 
relationship was obtained during fleld measurements. The 
dust level (airborne respirable dust level) was the highest in 
mine A whereas the lowest level was observed in mine B -
Figure 5 (Koziel, 1998). 
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CONCLUSIONS 
The performed tests make it possible to formulate the fol-
lowing conclusions: 
• There is a directly proportional relationship between the 
level of airborne respirable dust and compression 
strength, crushing specific energy and energy con-
sumption factor of mining, 
• A discrepancy relating to the above relationship in case 
of coal samples from mine A may be accounted for the 
fact that different percentages of the dust in the coal 
product are becoming airborne because of different 
moisture and ash contents. It is also noted that there is a 
limit value of transient moisture amounting to about 6% 
above of which the moisture is of predominant impor-
tance while below that value the electrostatic charge 
becomes predominant. In order to precise the above re-
lationships it is necessary to continue the research. 
The results of tests have confirmed the following relation-
ships: 
• ash content is positively correlated with dust concen-
tration, 
• HGI is inversely proportional to dust concentration, 
• percentage of moisture is directly proportional to air-
borne respirable dust level 
Other values of quantities determined during the tests are 
characterized by a great scatter of results and do not indicate 
any essential relationships. 
From the detailed observations the following generalized 
conclusion was drawn: 
• There is a possibility of predicting dust levels on the 
basis of prior testing of physical and mechanical prop-
erties of coal. 
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Table 1. State of face parameters, basic technical characteristics of a shearer and of mining technology. 
Cutting Average Air Wiler Coal Face Web Drum Airflow Wll.e:c Average 
hem Face No. LalgUJ Heisftt nq,th Diame- Haulage Velocity Coasum- Con sum- Pressure Output Spra)'ial Strm~ Mine ter Speed ption ptioo SyUcal 
m m m m mlmin m/s m3/min dnr'/min MPa t/h MPa 
1 A236 150 3.0 0.75 2.00 4.5 1.7 810 250 1.3 600 Extema 27.0 
Piast 1 
2 B 717 Externa Piast 250 3.0 0.75 2.00 4.5 1.5 600 110 1.5 600 1 30.6 
3 C6 Extema ~biens 250 1.5 0.60 1.25 3.5 0.6 150 160 1.2 270 1 16.5 ko 
Table 2. Statement of average values of respirable dust level in mg/ m3 at workplaces on a longwall face. 
Workplace of Shearer's 0Pa11lor OPeraton of Support Units Average Ena-gy 
Face 
Intake of Face 
Cutting Cutting Cutting Cutting Outld. Consumption hem I ofFacell Faaor No. "Up - Stream" "Down -Stream" .. Up- Stream" "Down- Stream" in Total 
Mean max Mean max mean Max mean max mean Max mean Max kWh/t 
I A 1.2 2.2 12.5 22.5 5.7 12.5 11 .8 20.6 1.5 10.5 11 .2 18.5 0.52 
2 B 1.2 2.0 3.2 7.4 2.8 4 .8 2.8 5.6 2.3 4.6 3.1 6.2 0.56 
3 c 0.5 0.7 7.5 10.5 9.5 36.0 10.6 24.0 5.2 7.0 8.5 12.6 0 .43 
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Table 3. Parameters used in the laboratory and field studies, Poland vs. United States. 
a. United States Researchers 
Laboratory and operational parameters Mine A MineB MineC Remarks 
Compressional strength, Rc 27:0 :MPa 30.6 :MPa 15.5 MPa W/o cowl; "down-stream" 
Mining energy consumption factor, Euc 0.5 kWh/t 0.56 kWh/t 15.5 kWb/t W /o cowl; "down-stream" 
Cutting drum load, P ofPn 75% 56% 56% W/o cowl; "down-stream" 
Average respirable dust level 10.8 mg/m3 3.3 mg/m3 5.2 mg/m3 Mini RAM; places where 
(max: 30.1) (max: 4.8) (max: 18.7) shearer works 
Ultrasonic wave propagation velocity 3,240 m/s 3,620 mls 2,030 m/s <>2=0 
Cuttability factor, A 3.1 kN/cm 4.03 kN/cm 2.20 kN/cm POS-1 
Coal density 1.43 kg/dm3 1.45 kg/dm3 1.37 kg/dm3 
Acoustic modulus, H x 109 14.7 J/m3 18.3 J/m3 5.52 J/m3 
b. Polish Researchers. 
Total moisture 8.2% 8.9% 2.6% 
Air chy loss 5.4% 6.0% 1.4% 
Inherent moisture 2.8% 3.1% 1.2% 
Ash content 12.7% 5.0% 16.3 
Volatile matter 34.6% 36.5% 3317% 
Fixed carbon 49.9% 55.6% 48.7o/o 
HGI 38 46 49 
Fuel ratio 1.44 1.53 1.45 
Crushing current 0.4A 0.18A 0.23 A 
Specific crushing energy 0.13 kWh/t 0.06 kWh/t 0.07 kWh/t 
Schuhmann top size parameter, a 16.11 15.78 14.57 
Schuhmann export parameter, b 0.99 0.92 0.77 
Product fines < 10 f.1ln 680 mglk_g 1,110 mg/kg 3,705 ll!g/kg 
Electric field -23.4 V/cm -4 V/cm -0.6 V/cm 
Total airborne dust, mg/m3 328 70.6 227.6 
Mean mass particle diameter, J.D11 12.0 17.3 15.8 
Airborne respirable dust, mgtm3 21.5 2.7 8.6 
Average RAM -1 dust level 6.2 1.3 3.0 
S_pecific total dust level, mglkg 327.1 116.4 398.5 
Specific respirable dust, mglkg 21.6 4.5 152 
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~ 
l_ Longwall shearer, 2_ Face conveyor, 3. Stage loader, 4_ Cmsher, 
gwall roof support, 6_ Loudspeaking communication system, 7_ Master switch 
I Measuring position at face intake, II Measuring position for taking electric 
loads of shearer's drives and for dust levels, III Measuring positions for taking 
dust levels during shearer's operation =~ 
t]t]--------~-~----------t]LJ[J~ 
--- ·-- -
Figure 1. Test stand layout (I . Longwa/1 shearer; 2. Face conveyor; 3. Stage loader; 4. Crusher; 5. Longwa/1 roof 
support; 6. Communication system; 7. Master switch; 1. Intake air measuring station; 11. Shearer electric load and 
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Figure 2. Crushing test facility used in the laboratory. 
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Figure 3. Relationship between compression strength and energy consumption for the Polish mining industry. 
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Figure 4. Relationship between crushing energy, Ek in laboratory and energy consumption, Euc in the field (Polish 
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Figure 5. Relationship between-average RAM-I dust level in laboratory (conducted by US. researchers) and Mini 
RAM dust level in the .field (by Polish researchers). 
